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Mechanical properties of emulsified asphalt cold recycling mixture
with different forming methods
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Abstract: In order to investigate the influence of different moulding methods on the mechanical properties
of cold recycled emulsified asphalt mixture, the effects of vertical vibration method and traditional method
on the mechanical properties of cold recycled asphalt mixture were studied by preparing Marshall specimens
and cylinder specimens, and the fatigue equation was established by Weibull distribution. The results show
that by the vertical vibration method, the optimal moisture content and optimal emulsified asphalt content
of the mixture are reduced by 10% respectively, and the maximmum dry density of the mixtare are
increased 1.021 times, compared with the mixture by the traditional method. Compared with Marshall
Specimens, the Marshall stability Mg, 25 ‘Csplitting strength and freeze-thaw splitting strength of vertical
vibration cylinder specimens increase by 40%, 32% and 57% respectively. Through the intercept « and
slope b of fatigue equation, it can be seen that the fatigue resistance and sensitivity of vertical vibration

specimens to stress change under high stress are better than those of Marshall method specimens, that is,
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the value of a in the vertical vibration method is greater than that of Marshall method, and the value of 4 in
the vertical vibration method is less than that of Marshall method.

Keywords: cold recycled mixture; mechanical strength; Marshall method; vertical vibration method
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Table 1 Grading results of pavement milling material RAP

LT /mm AR/ % | AL/ mm liE R/ Y
26.500 100.0 2.360 18.7
19.000 96.1 0.300 4.2

9.500 75.7 0.075 2.4
4.750 36.5

1.1.2 &4 % 6
AW HE R ARG B R RAP £ R4 0. HrERB R 33%, £ 1 ] A, @k ook 12
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2.36~9.5 mm &R E 57 . MR A RE D XIE i T T I I E G R KA R B
45 e 5 D T A BB AR AT AR AR AR 5 L O A LR S A IR A R . B AR RS
0 33%9.5~19 mm KR 20% , HLEIES 10%, 5 8 3%); i FLFLEE K 26.50,19.00,16.00,9.50,4.75,
2.36,0.30,0.075 mm F,RAP & B iy i & 43 % 4 50y 100%6,97.5%,91.7%,65.9%,47.4%,32.9%,
10.5%,5%,
1.2 &itA*E
1.2.1 #%iX¥EH*

FLACWI T V2 P AR TR G R 48 7 102 SR 0 730 o SR i 8 e 1 7K 38, SR b BROR U 1 8 9 FE 5 3L AR
H A, SR SOk A KRSy 3 RS )2 I8 98 KL IE T 45 em s B BRUR A LAY L i 52
50 Wi o 3 AR E T 60 C g WA P IR 4 B E (— A TF 40 b L8R 5§32 25 IR,
1.2.2 # A/ E(VVTM, vertical vibration test method)

JIT SR AR Bl R SEAY SR AR S0 TAENR 35 Hz & CIRIE 1.2 mm ., FE R G i 108 kg, FER G T &
167 kg; K H 3 FL IR 2l iy 52 2 e K T % 3 R B A 5 KR, IR ) s B i) (8] 60 s ok A 2 LR 2h B AR
100 mm X & 63.5 mm AR, BN VVTM 4% 8 30 8 ] 60 s,
1.3 Wik A&
1.3.1 AR KB &

R0 V4 T A R A RRR R A IR KB A T 15 C KIS 1 ho B SR 0 AT B B 6 L R 06 i AR (Y
BT LIRS RHRE M) JTG E20—2011) F1 (T0716—2011) #E47 .
1.3.2 L mikik

F 5 e B 18] 422 R Ao 57 120 560 8 A 4 b A5 4L S e ¢
T A 288 T 365 T P 0L T RS S 5 0 T S IO 3 A X L
B, HEA B 7 8 45 e S5 a0 A T A g 55 1K
B 7 1 LA 0 IO SCR TR A A 3 12 [ 4 o Ao 9% 55
B k. 3 & IR E 5 R 5% (UTM, university
testing machine) 55 3¢ H R 225 n &l 1 fEl 2 s .

Ry el 9% 57 3 56 a4 1 g AR Ak 5 TR AR Ak 5 AT ZE A
BT T 2T SO SR 2 I K IE % 0k A7 2 LA g 9 oA
AoME . B OF IR ST AR 10 Hz, Jingms 4]

| |

] & R O JE PRREAEAE G AR 7 LEOR Ry 0.1, B S KF S 1 UM ShARBRERR RS
4r5)24 0.3,0.4,0.5,0.6,0.7 5 5 Ff, Fig. 1 UTM dynamic servo hydraulic test system
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Fig. 2 Fatigue test fixture diagram
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Table 2 Physical-mechanical indices of specimens under different design methods

T pm/’ Corc/ Ms/ Ms,,/ R/ Rr,./ Ry / R/

(g-cm %) % kN kN MPa MPa MPa MPa
IR 4.8 2.170 4.6 12.3 11.2 0.73 0.68 0.29 0.41
VVTM 4.3 2.220 4.2 17.2 15.9 0.96 0.92 0.45 0.61
Py/Puy 0.90 1.02 0.91 1.40 1.42 1.32 1.35 1.55 1.49

WRAEZE 2 Al LIS S G T M EE . VVTM i B9 ZLAC 0 75 FF 2R TR S R A B ACR IR T 1000 e fE:
FLAC 75 R FEAR LY 900 e RT3 W5 32 DA BUAT P A 19 1,02 % BIVIR 3l 1R S 4 o bE i Y R S o o 42
B 1.02 7% EL IR B B AE AR K B BROR R 2 B Mg 15 °C BF 400 B | 5 il B S 00 B 4 S BROR IR A SR T
400,320 % 5700 . VVTM it J7 ik FLAC U T v P22 TR A R A9 45 004 Bl ) A 38 b 9 00 T 16 S it O ik
R VVTM #EAT IS I L S 7 i P A iR 3 e A7 30 . SO F i RS A2 SR AS SRR BURT [H]
LA B 4% DTG i/ S ASH AR, 1] A JBE 45 28 00, Dok /I DA JEE J82 L 7 I8 A1 B V1) it J3E AN T B Hoaz SlPIR A Y
SR BORL S 25 B 18 3 78 70 85 SO S L AT 2 B i ) BTy 2 Mk RE A T 46 G R O vk
22 BEAMEREXTEE

2 MBI OTIE TR CFL T R AR AR B HIPERE AN SR 3 B . b D3RR SRR SE BE L oy 78 BT BT 5
JE Ry FRR BRI IE M, Rm 5k B D BURTEE L, Py /Pyt VVTM i {F 5 Marshall i {7 #% F 75 RE LU(E .

£3 RERHFETABER B R

Table 3 Road performance of cold recycled mixtures under different design methods

Wtk Ds/(K-mm ") 74/MPa Ry/MPa Ms,/ %

& 45575 1% 1810 0.290 3.21 0.91

VVTM ¥ 2670 0.335 3.89 0.92
Pv /Py 1.48 1.16 1.21 1.01

M 3 0T LA, 5 S BRUR IS T 45 A Lo VVTM 33109 2L A6 1 35 % P AR TR A R sl e 3 vl 4
A8V DUHY B EAR ¥ 16 00 B HUSRELR W 2100 . 5k B B BURTRE FER AR, XEH T VVTM B3t i FL ik
Wi R B R AIR 3 T 0 A9 AR TR KL 201 A5 21 58 23 19 A% 2 A0 HE 51 2 T 3R A B O AR Y ik A S A
RGBT B R R A S A EE R . BRI, VVTM BT A 7L AR 6 5 ¥4 15 42 1R A ki A PR RE A T 5 8RR
W 7%

3 EERBRERESH

3.1 BHEE
B 2GR BRI 25 R W% 4, Hirp Py /Py 8 VVTM 445 Marshall i85 55 2058 B (8,
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x4 TEARBEAFXBEREELLER
Table 4 Test results of splitting strength of different moulding methods

AN TR 7 =2 A
R H Py/ Py
TERR VVTM

BEZIGR I/ MPa 0.99 1.13 1.2

H 2 4 AT AL VVTM 4 0 B 2458 B R T SRR F 02 SRR B 240 B 1Y 1.20 £, X FEEEH
T VVTM B S 4540 510285 552, 8 ARk H A B R 45 0 R BE BHL 3 o A ¥ 1526 TR 6 R 08 0 27 5 B2 75 21 4%
K m ™,
3.2 RKHEFHIATRE

TR G RPE 55 IR #0026 DB B
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(f) KEabree
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Fig. 3 Failure process of specimens
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Table 5§ Fatigue test results

THIRLFI K- S X9 55 A N (RO

W 7S
0.3 0.4 0.5 0.6 0.7

5917 2 004 955 476 286
6 653 2 506 1 064 558 316

I BOK 7172 2 652 1184 645 358
8 025 2 864 1360 705 389
8 424 3310 1 455 759 415
18 285 8 217 4 302 2313 1255
19 946 8 757 4 567 2 648 1452

VVTM 21 313 9 829 4 990 2745 1574
21 860 10 174 5 307 2 958 1670
24 355 10 757 5 546 3177 1790

3.3.2 EGHFHRAEEAR
H 22 5 AT, 35 P00 97 3 00 00 B B0k e A, TR I SR B0 7 bk ik — B M T RS04 AR TR A R RY
9 95 AL
M5 0 25 5 o N RSSO 25 260N (N = NSO B IR P 2 8 Weeibull 4075 8 7. 2 20 40 2 LB 35 75 o
ZIA R R . W MR P
P:1—exp|:— (3]“}, D)

1P =aln]§7 —alnu, 2)

Inln 1
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K WIERSEGu IRES B HBEHLVEE N BRHEE .
AR (2) R3S A3 BN E B 1K S ORI Y S8 R0 57 75 AN Y [B1 U R 400, W3k 6.

Rz 6 Weibull pHHBWLER
Table 6 Weibull distribution test results

THIN ST K S KR N B Weibull 4345 45 B [8] 19 2 %%

Bty i MU

0.3 0.4 0.5 0.6 0.7

a 7.330 3 47411 5.088 1 4.722 6 5.396 5

HEUR B8 65.757 0 37.797 0 36.737 0 31.277 0 32.440 0
R, 0.989 1 0.976 0 0.980 9 0.992 8 0.994 8

a 8.182 7 7.902 3 8.390 1 7.340 6 6.453 9

VVTM 8 81.917 0 72.837 0 71.785 0 58.598 0 47.814 0
R, 0.971 1 0.973 3 0.982 5 0.987 2 0.994 5

HI2 6 AL FEA [ 3 K26 00 TR O G108 A AsH 2 B A998 P A 1R 5 kA 4 [ U0 AR OGP R 8 R 8

KF 0.95,1nln [—p "IN I R AR SCF R WIAT T Weibull 20 A1 B8 F 64 7L A6 5 5 v P AR IR &

) I 57 75 i

Y45 6 0 I 09 IR A SR (2) ., AT AR 7)1 AKOP R BL A U T IR AR O 95 R N L R L T
PN

KT FRRUBETHERERFS Fa

Table 7 Equivalent fatigue life under different failure probabilities

T HURE 1K S KR SFERORE 55 FF A

W R P/ Y

0.3 0.4 0.5 0.6 0.7
5 5 247 1550 762 401 235
10 5 788 1 804 878 467 269
20 6412 2113 1018 547 309
B #R
30 6 836 2 333 1116 605 337
40 7179 2 516 1198 652 360
50 7 484 2 684 1272 696 381
B 15 491 6 914 3 648 1955 1 041
10 16 915 7574 3 975 2 156 1164
20 18 540 8 328 4 347 2 388 1308
VVTM
30 19 634 8 837 4 596 2 546 1406
40 20 515 9 248 4798 2 674 1 487
50 21 295 9612 4 975 2 787 1559

RGO R 7 Bs E 47 E 20 A o SR A AN ) 2R S8E 3 B8 55 J7 i 101 U1 2R MORAE 5 R 8 25 2R L3R 8
FeoR, Horh R WA OC 2R 8.

lg N =a —blgo, (3)
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K ia b TR REE RNA R B 50 2 RE 17K 5 N O o 280 R B9 25 2800% 55 77 i
#8 EHFHFREERMREXRY

Table 8 Regression coefficient and correlation coefficient of fatigue equation

TIVRBMEAR p (D09 57 J5 2 [ AR BORAR 5C R 8

LEAWIR7S Ey 14

5 10 20 30 40 50
a 1.796 4 1.867 9 1.942 5 1.989 1 2.024 7 2.055 1
ERR b 3.618 9 3.579 2 3.537 8 3.512 0 3.492 2 3.475 3
R? 0.997 0 0.998 2 0.999 1 0.999 4 0.999 5 0.999 5
a 2.575 2 2.623 9 2.674 7 2.706 5 2.730 8 2.7515
FHIRS b 3.143 3 3.119 7 3.095 1 3.079 7 3.068 0 3.058 0
R? 0.994 1 0.994 9 0.995 7 0.996 1 0.996 5 0.996 7

B ARG RS R G R IH R o 8K, 3%

500

A 52 99 PE FF R B 95 1 B 8 10 2 6 L 26 0 _ — Ml P

R 93745 R GO B 0 500 95 i 1 B R T i, o
B 8 48R A 7St 18 5YOR 5000 K s N, YT P

FHORE S AHE N 2 0 4 R Tao | NN NE
gt de T K 4 WL o | oL DT
DRI AR F g o Bl lg N R RN

5 Al B A6 R B R B KT 0,90, LA B Jr 2 4 N

Vo A1 B 3 5 P RE B 35 S PHra——
DXL BT R BBE AR H 500 K 5000 I VVTM K T 34

Fl 32 5 05 7 40 T 6 S 2R BCHE S R AT 0% 4 o o T 2 o 4 g 8
ﬁ—dﬁ{ﬁgé‘?ﬂ Eﬁﬁ%%ﬁﬁﬁﬂﬁ%ﬁ » 2 R R 5063 Fig. 4  Fatigue characteristic curves under different
KA 50 VoIRGB IE 57 73 iy 135 48 K 7R AT IR & BHE forming methods and failure probabilities
55 FF i 73 Hr I o 15 AR 4 S PR 0B E A T 9 R BB R AT
.

DTEAF KRBT, VVTM 5% 57 ith 26 1) 015 R4 o WOE RO 0 WK F/h Uil VVTM i
TH AR TR B R 5 57 5 1 R, X I ) A8 A R R AT —E M BT S5 I F . X R T VVTM 8
PRI AR 3 e ST AR TR AN [R) 2 BB A2 18] 14 S 84 5 25 5 A LG s 1 A% ML L 403 B E 45 5 1 B SR 3l L I
BOK ) B3 AR S Y U S 5 45 K s 7 R I TR SRS R U AR OGS R, VVTM i
TR AR RS R 7 FR AL T S B8Rk

25 1, VVTM fah i 5277 X b Marshall i 5277 A8 & 2, B A T 452 m LA 00 & % 1 AR TR GBI
FiVERE
4

% %

D5 SR ST R AR A B L, VVTM B3 9 B A o K R 20 10% , ALAL I 7 &%
FER R FRIRZ 10% . e K TR B E 2 1,021 5, 5 SRR, VVTM K 0F 19 5 BOR Foe JE B 24 0%
FE VA Rl B S B 4 A D4R 40 %6 .32 % F1 57 %

D FLAL T TV T A VR O R BE 20 5 4 IR N X2 8k Weibull 230 75 , 2257 B [7] B8 05 =X °F (9 20 Ak W 35 1%
AR AR 55 5 T BE 0 A Ok v A R R L AL R AR IR A R 2 R

D ARERAMERT , VVTM FLAL I % 1542 18 G REFE N VB R R B9 57 14 6 Sxd i g 28 Ak U PE ]
SRR Y FEARBAE VVTM R E 09 55 7 BRI o (389K F S8ORE AR o A 1E A .
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